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My Interests and background

Air quality, and also water quality as well

All areas of Environmental Chemistry:
Agriculture, transportation, ecology, clinical, mines...

Recent VOC-o0zone projects -- 5 papers published

(plus 2 under revision and 1 in preparation.)

— Insecticide solvents and oil pesticides

— Dairy and livestock studies: animals, fresh waste, feeds
— Green waste compost, biosolids co-composting

Finding Solutions — practical, cost-effective, long-term




Field Team and Mobile Ozone Chamber
Apparatus for VOC-to-ozone studies

Spring 2010, studying VOCs from post-composting over-sized material



Good ozone vs. bad ozone -- and
where does bad ozone come from?

Ozone In the stratosphere (higher than
alrplanes) Is good -- It protects us from the
strongest ultraviolet light from the sun

Ozone at ground level hurts our lungs, and
comes from reactions between sunlight

and 2 pre-cursors:
nitrogen oxides (NOX),
and volatile organic compounds (VOCs)




Estimates are based on the most recent data (2004 — 2006). EPA will

% ) United States nof designate areas as nonaltainment on these data, but likely on data
7 E I A Aaaney o Protection from 2006 — 2008 or later, which we expect to show improved air quality.

Counties with Monitors Violating the 2008 8-Hour Ozone Standard
of 0.075 parts per million (ppm)

(based on 2004-2006 Air Quality Data)

MNotes:

1345 monitored counties violate the 2008 B-hour ozone 2 Monitored air quality data can be obtained from the
standard of 0.075 parts par million (ppm). AQS systemn at hifpufwww.epa. goviitn/airs/airsags/
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Ozone Cycle
and the
Dependence
on NOX

and VOC:
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Fig. 1. Ozone isopleth diagram showing the hypothetical

response of peak 1 h average ozone concentrations within an

air basin to changed levels of anthropogenic ROG and NO,

emissions. Contour lines are lines of constant ozone concen-
tration (ppb).
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Ground-level ozone improving, but slowly
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California’s efforts so far:

* Develop an inventory of all VOC and NOXx sources
e Large reductions in VOCs from urban sources
 Also reductions in VOCs from non-urban sources

e Reductions in NOx from cars

* New focus on NOX reductions from diesel engines



Total Reactive Organic Gases (non-exempt
VOCs) have actually been quite greatly reduced.

SJV Summer Emissions Inventory for ROG (non-exempt VOC)
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NOXx show a delayed trend/forecast
-- and monitoring data suggests may be slower

SJV Summer Emissions Inventory for NOx
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Los Angeles VOC inventory
-- and forecast

LIGHT DUTY PASSEMGER CARZS

CONSURER PRODUCTS

RECREATIONAL EOATS

OFF-ROAD EBUIPHEWT ¢LAHN AND GARDEN?

ARCHITECTURAL COATINGE (PAINTS AND THIMWMERE:
FPETROLEUH HARKETIMWG (GASOLIWE EVMAFORATINE LOSSES?
OFF-ROAD EGUIPHENWT ¢OTHER?

COATINGS CFAINTS ANWD THIWWER: - HOW ARCHITECTURAL !

30.52
12.8%

m rce Categary

1 1 LIGHT OUTY PASSEMGER CARS

2 2 COMSUMER. PRODUCTS

3 3 RECREATIOMNAL BOATS

4 4 QOFF-ROAD EQUIPMEMT [LAaWM AMD GARDEM] 54,93 F.1% 45,27 7.5%
5 5 ARCHITECTURAL COATIMNGS [PAINTS AMD THIMMERS) 44,58 5.7 % 31.89 5.3%
g & PETROLEUM MARKETIMG [GASOLINE EVAPORATIVE LOSSES] 27,13 3. 5% 26,96 4, 43
& 7 OFF-ROAD EQUIPMENT [(OTHER) 29,69 3.8% 20,4 3.4
9 g COATIMNGS [(PAINTS AMD THIMMERS - MOM ARCHITECTURAL] 22,77 2, 9% 20,39 3.4
7 9 HEAW DUTY G545 TRUCZKS 29,63 3.8% 15,09 2. 7%
11 10 QOFF-ROAD EQUIPMENT [COMSTRUCTION AMD MIMING) 20,584 2. 7% 15.54 2. 6%
iz 11 HEAWY DUTY DIESEL TRUCKS 15.7 2% 13,12 2, 2%
10 iz GAS CAMS 22,21 2, 9% 1z.09 2, 2%
13 13 MOTORCYCLES 14,99 1.9% 12,19 2%
14 14 DEGREASIMNG 9.09 1.29% 10.2 1.7%
16 i5 CHEMICAL [PROCESS AND STORAGE LOSSES) 8.85 1.1% 967 1.6%
15 16 OFF-ROAD RECREATIOMNAL WEHICLES Q.08 1.29% 9,16 1.5%
i7 i7 AIRCRAFT® * * * *

i9 is PRIMTIMG &.54 0.3% =11 1.1%
is i9 OTHER [(WASTE DISPOSAL) F.43 19 5,568 1.1%
21 20 ADHESIWES AMD SEALAMTES 2135 0. 4% 3.84 0, &%
22 21 PETROLEUM REFIMIMG [(EWARPCRATIVE LOSSES) a1 0. 4% 3.07 0, 5%
a3 2o ElﬁﬁEDR.?.IIE‘IEjﬁGRICULTURE [CROP PROCESSING AMD 561 0. 535% 27 0. 4%
24 23 TRAIME 2.55 0. 3% 2,45 0, 4%
25 24 LIWESTOCK WASTE [LAYERS] 2,36 0. 3% 2,36 0, 4%
25 25 PESTICIDES 2,435 0. 3% 2,09 0,3%
= = All other Sources 35.51 4.69% 20,42 59

- - Total E=1-] 100%: G606, 82 100%

Mote: Matural Sources notincluded

Crata Source: 2007 Almanac published by the California Air Resources Board,
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The San Joaquin Valley is different from Los Angeles.

2005

LIGHT DUTY PRSSENGER CRRS
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¢ .34 '
3.3

42 .08

State has authority over stationary sources, not transportation.



San Joaquin Valley NOx emissions inventory, summer season
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Complexity of ozone formation

Diverse mixture of VOCs, some unknown

Even with multiple measurement
techniques, there iIs no ‘total’ VOC

Regulations treat all reactive VOCs equally
on a pound-for-pound basis

(Methane and a few others are exempt.)

However, different VOCs are different
molecules — they react differently

Hence, Ozone Formation Potential
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Great variation in formation potential (Ibs. ozone per
Ib. VOC) even among similarly volatile molecules

Molecule Boiling Point, C MIR
acetic acid 118 0.5
butyl acetate (n-) 118 0.89
octane 126 1.11
butanol (n-) 125 3.34
octene (1-) 121 3.45
toluene 111 3.97
xylene (para,ortho,meta) 139 4.2,7.5,10.6

Also considerable variation within a family of VOCs, e.g. alcohols, etc...

From a regulator: Unfortunately, this may be one issue where the
legal system hinders [progress]. We are legally required -
the inventory Is calculated based on mass not reactivity.



Mobile Ozone Chamber Assay (MOChA)

Graduate students Cody Howard and Doniche Derrick.



Mobile Ozone Chamber Assay (MOChA)
AT z‘ ?

)

Separate lamp umt, with fans to aid temperature control.




Mobile Ozone Chamber Assay (MOChA)




We measure VOCs with multiple
techniques.

We assess the amount of ozone they
actually form (over a few hours),
directly at the source.

Then match with a photo-chemical
model calculation — to assert we have

successfully accounted for the overall
reactivity.
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VOCs
found from
compost

Propane

Butane

FPentane &isomers
3 Methyl hexane

Dimethyl hexane isomer

Trimethy hexane
Epoxy
= (Z7 straight and cyclic HC

n
2 Methyl 1-propene
Butene &isomers
2 Methyl1,3-
butadiene(lsopreng)
2 Methyl 3-butene 2-ol
2 Methyl 1,2 pentadigns
2 4-Heptadienal
Acetyl cyclomethyipentens
2 Ethyl 3-hexen 1-ol
Methyl hexyng
Methyl cycloheptens
Acetyl methylcyclonexens

Other alkenes

Benzene

Toluene
Kyleneisomers
Styrene

C-3 Benzeneisomers
C-4 Benzeneisomers

Isopropenyl toluene

4 Methyl benzengmethans!
i

Dichlorobenzene isomers

Trighlerebenzeng isomers

Camphens

Terpinens
i

Limonene

gis-Linalool oxide
trans-Linalool oxide

2Pinen-3 one
Thujen-2-one (Umbellulaneg)
Varbenone
trans-\erbena)
Linalool
Eucalyptol
Terpingol
isol

Allylanisele
2afroli1,3-Benzodioxole, 5-(2-

propenyl))

Formaldehyde
Acetaldehyde

Fropionaldehyde.
Crofonaldehyds (2-Butenal)

Butyraldehvde
Isovaleraldnyde
Yalsraldehyde

2 Methyl pentenal
Hexanal

Decanal

Dimethyloctenal
Benzaldehyde

Furan

3 Methyl furan

2 Methyl furan

2,5 Dimethyl furan

2 Ethyl 5-methylfuran

2 Butyl furan

2 Pentyl furan

Methyl hexanong isomers

Methanol

Ethanol

2 Propangl

1Erenanal

2 Butangl

1 Butangl

2 Methyl 1-butanol & isomer
Fentanal

Hexanal
23 Buanediol
Pentanol

Hexanol
2.3 Butanediol

Acetone
2 Butanone

2 Eentanons
3

Fentanans
3,3 Dimethyl 2-butanone
Methyl isohufylketons
(MIBE])
3 Pentene 2-one
3 Methyl 2-pentanone
2 Hexanans
Methyl hexanane isomers
Qctanang

Monanona )

2 Butanedions (Diagety)
1 Hydroxy 2-propanone
3 Hydroxy 2-butanone
Methyl phenyigthanang

Methyl acetate

Ethyl acetate

Propyl acetate
Isamyl acetate
Methyl butylaceiate
Bormyl acetate
Methylisphutanoate
Methyl butanoate,
Methylisopentanoats
Ethyl butanoate
Methyl pentannate

Fropylbutanoate

Methyl hexanpate

Butyl butanoate.

Isomerof pufylbutangate,
Nexangats

Other ester

Aceticacid
Propionis acid
Methyl propionic acid
Butangic acid
Methyl butanaig acid
Pentanoigacid
noicacid
Acetylbenzoicacid

Dimethyl disulfide

Methyithymyl ether

Richlgradifiuorg methane

Chiore. diflupro methane
i I
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Conclusions

Compost VOC emissions are dominated by
low reactivity compounds

All VOC sources can have a role in improving
alr quality — however some may be more
Important to manage for NOx and/or GHGs

The relative value of VOC reductions Is
higher in urban areas than in non-urban

Future regulations (e.g. state implementation
plans) can use reactivity more realistically



Additional Result (Preliminary)

The use of a cap of oversized material (from sieving

previously finished compost) may reduce OFP from VOCs
by 10% to 40%.

This could be a very cost-effective mitigation, using
otherwise un-sold material (which could go to grinder,
or to landfill) and which adds compost microbes and
aeration when mixed in during turning.

Remember: reducing total pounds of VOCs doesn’t necessarily lead
to less ozone — but reducing reactivity-weighted pounds will.
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Normalized Reactivity (g ozone/g NMOC)
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952 M. R. Ashmore
Global summer-time ozone. ‘Leaf’ symbols where damage is visible.

ﬂj?r Visible ozone damage
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Figure 2. Global distribution of mean maximum growing season ozone concentrations based on 1990 emissions, using the global three-
dimensional atmospheric chemistry model of Collins er al. (2000)). The leat symbols indicate regions where visible injury or yield reductions

caused by ozone have been demonstrated. From Emberson er al. (2003). Plant Cell and Environment. 2005
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Figure 1. Historical, current and
projected global background surface
ozone annual mean concentrations. The
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scenarios. From Vingarzan (2004,

Plant Cell and Environment, 2005.



GEOPHYSICAL RESEARCH
60 L L L L L L L L L L L LETTERS,
VOL. 30, NO. 12, 1613,
doi:10.1029/2003GL017024, 2003

“Increasing Background
Ozone During Spring on
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Figure 2. Spring mean mixing ratio =1 standard deviation
for background O; at 5 MBL sites with linear regression
lines. The data have been selected bv local wind direction
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